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Genetic variants of the human FSH receptor and the influence thereof on 

gametogenesis 

1 5 

The present invention provides a method for determining the dosage of FSH In the 
treatment of infertility of women comprising the determination of the FSH receptor 
variant of the woman to be treated, a method for treating infertility in women which 
comprises said determination of the FSH receptor variant and a kit for performing 
10 said determination of the FSH receptor variant. 

The success of controlled ovulation induction in the course of an assisted reproduc- 
tion procedure depends on the administration of the hormone FSH. Unfortunately 
neither the patients's reaction towards the administration of FSH nor which hormone 
15 dose is necessary can be foreseen at the beginning of the treatment phase. Due to 
the lack of predictive parameters a high number of expensive ampoules of FSH is 
being used in IVF clinics for the induction of ovulation, a treatment regimen that 
bears the danger of overstimulation and its clinical consequences. 

20 The follicle-stimulating hormone (FSH) is an essential factor for the maturation of 
germ cells (gametogenesis) in both men and women. FSH exerts its action via the 
FSH receptor which is specifically located in the granulosa cells in the ovary and in 
the Sertoli cells in the testis. Any perturbation of the interaction between FSH and its 
receptor leads to impairment of gametogenesis. Women with FSH receptor mutati- 

25 ons show a clinical picture typical of primary amenorrhoea, men with FSH receptor 
mutation are generally subfertile. These observations underiine the central role of 
FSH and its receptor for a normal physiological maturation of oocytes as well as 
spermatozoa (Nieschlag et al., Clin. Endocrinol. 51:139-146 (1999)). 

4 

30 The FSH receptor is present on the cell membrane and consists of an extracellular, a 
transmembrane and an intracellular domain. The FSH receptor gene is located on 
chromosome 2p21 and consists of 10 exons. Exons 1 to 9 encode for the 
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extracellular domain while exon 10 encodes for the transmembrane and intracellular 
domain. The whole gene spans a region of over 54 kbp encoding a mature protein of 
695 amino acids (Gromoll et al. Genomics 35. 308-31 1 (1996)). 

5 Our recent studies have shown that the FSH receptor exists in two genetic variants. 
Amino acid position 307 is either occupied by alanine or threonine and at position 
680 either serine or asparagine is found. The amino acid position 307 is located in 
the extracellular domain while the amino acids at position 680 are part of the intra- 
cellular domain. We have shown that both positions are genetically linked with each 

10 other. Due to that two discrete FSH receptor variants can be usually found consisting 
of either threonine 307 and asparagine 680 or alanine 307 and serine 680 (Fig. 1). 
Both receptor variants are statistically equally distributed. Further, Simoni et al., J. 
Clin. Endocrinol. Metab. 84:751-755 (1999) and Conway et al.. Clinical Endocrino- 
logy, vol. 51 , 97-99 (1999) describes that the FSH receptor variants can be analysed 

15 by restriction enzyme analysis. 



So far functional studies could not show any significant differences as to hormone 
binding or signal transduction between the two receptor variants. It should be noted, 
however, that the model system used so far for functional studies is not sensitive 
20 enough to detect subtle differences in FSH-FSH receptor interaction and receptor 
activation. In a first clinical study comparing infertile men with fertile men no signifi- 
cant differences of receptor variant distribution could be detected (Simoni et a!., J. 
Clin. Endocrinol. Metab. 84:751-755 (1999)). 



25 In an additional study completed recently we have investigated normal women who 
were treated with FSH in the course of an assisted reproduction procedure. The ad- 
ministration of FSH leads to a controlled induction of ovulation which makes it pos- 
sible to gain oocytes from the patient. The oocytes are then incubated with sperm in 
vitro and the nascent zygotes are re-implanted into the patient's uterus. The aim of 

30 the FSH treatment is to gain a sufficient number of oocytes capable of being fertili- 
zed. Clinical experience shows, however, that patients react differently towards the 
stimulation with FSH. While some patients need relatively low doses of FSH in order 
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to produce a sufficient number of oocytes, other patients have to be stinnulated with 
high doses of FSH to reach the same results in terms of a sufficient number of 
oocytes. Depending on the amount of FSH necessary the patients can be classified 
into good responders (low dose of FSH necessary) and bad responders (high dose 
5 of FSH necessary). The reasons for the difference in sensitivity towards stimulation 
with FSH are so far not known. The need for adjusting the FSH dose over the course 
of time during the stimulation phase in order to give rise to a sufficient number of 
oocytes without provoking an overstimulation represents a major problem in IVF 
treatment. The clinical picture of differences in the sensitivity towards FSH in patients 
10 undergoing assisted reproduction procedure was the starting point for our investiga- 
tion in which we tested the hypothesis that different FSH receptor variants are 
responsible for the differences in FSH sensitivity. 

We have screened 160 patients from our IVF department and could show that pati- 
15 ents bearing the homozygous FSH receptor variant alanine 307/serine 680 need 
significantly more FSH for the stimulation of oocyte maturation than the patients with 
the homozygous FSH receptor variant threonine 307/asparagine 680. It became 
further obvious that in patients with a heterozygous state of FSH receptor variants an 
intermediate dose of FSH was necessary for ovulation induction (Fig. 2). Moreover, 
20 the receptor variants seem to regulate the basal serum levels of FSH since patients 
bearing the homozygous FSH receptor variant alanine 307/serine 680 show a mean 
basal FSH level of 7.9 lU/l, while in patients with a heterozygous receptor variant and 
in patients homozygous for the FSH receptor variant threonine 307/asparagine 680 
the mean basal FSH level is 7.0 lU/l and 6.3 lU/l, respectively (Fig. 3). 



Thus, it was found that the response of patients towards the stimulation with FSH is 
depending on the allelic variant of the FSH receptor. In order to determine which 
particular variant of the FSH receptor is present in a given patient a simple analysis 
of DNA extracted from blood cells has to be conducted. The individual amount of 
30 FSH to be administered could be determined according to which FSH receptor vari- 
ant the patient possesses. Due to these findings it can be expected that in the future 
the genetic analysis of the FSH receptor region determining the variant will play an 



25 
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important role for the planning of ovulation induction treatment. In other words, it was 
found that the FSH receptor variants detemiine differences in sensitivity towards 
FSH. This finding has a great impact on the FSH therapy in the course of an assisted 
reproduction procedure since it makes a predetermined and individually adjusted 
5 FSH stimulation protocol possible depending on the FSH receptor variant present in 
a given patient. The potential benefits of such an adjusted FSH stimulation therapy 
are profound. This approach will not only improve the clinical safety, by avoiding 
dangerous overstimulation with FSH, but will also help to reduce treatment costs 
significantly, since FSH is quite expensive. 

0 

Finally, FSH receptor variants may be associated with reduced fertility in men and 
women and that the analysis of such variants may have great impact on the treat- 
ment of reduced fertility with FSH. 



15 The invention thus provides 

(1) a method for detemnining. i.e., predicting the dosage of follicle-stimulating hor- 
mone (FSH) in the treatment of infertility of women comprising the detennination of 
the FSH receptor variant of the woman to be treated; 

(2) a method for treating infertility in women which comprises determining the FSH 
20 receptor variant in the woman to be treated as defined in (1 ) above; 

(3) a kit for perfomiing the detennination of the FSH receptor variant in a woman as 
defined in (1) and (2) above; and 

(4) a FSH preparation comprising a specific amount of FSH which is suitable as a 
daily dosage for high dosage, intermediate dosage or low dosage FSH treatment. 

25 

The attached Figures 1 to 6 depict the following: 
Fig. 1 shows the two FSH receptor variants. 

Fig. 2 shows the number of FSH ampoules (75 lU/ampoule) required to achieve 
30 ovulation induction and oocyte retrieval in normoovulatory women in an assisted re- 
production programme. 
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5 

(data: mean ± SEM) 

* p < 0.05 vs A/A (Kruskall Wallis test) 

Fig. 3 shows the basal FSH levels (day 3) in nomioovulatory women grouped accor- 
5 ding to the FSH receptor genotype, 
(data: mean ± SEM) 
*p < 0.05 vs A/A (Kruskall Wallis test) 

Fig. 4 shows the restriction fragment length polymorphism of Asn 680 Ser of the FSH 
10 receptor. 

Fig. 5 shows the DNA sequence of exon 10 of the FSH receptor gene (EMBL acces- 
sion No. X91747). 

15 Fig. 6 shows exon 10 of the FSH receptor. Suitable primers are underlined. The re- 
verse primers A2-G2 are complementary to the respective underlined sequences in 
this figure. 

The method (1) of the invention is hereinafter described in more detail. First of all, 
20 the determination of the FSH receptor variant is preferably performed in vitro. 

Secondly, since the polymorphic sites are genetically coupled in the FSH receptor 
variants, the sequence analysis of one variant site is sufficient, ft is preferred that the 
analysis is performed by the "restriction fragment length polymorphism" (RFLP) me- 

25 thod. The first step of said method is the isolation of genomic DNA from a patient's 
blood sample and the amplification of a specific part of the FSH receptor by PGR, 
The amplicon obtained in the PGR is cut with a restriction enzyme which specifically 
recognizes the amino acid sequence at postion 680. e.g. Bsr I. A complete restriction 
of the amplicon indicates the presence of a homozygous serine, in the case of an 

30 incomplete restriction a heterozygous receptor status is present and no restriction of 
the amplicon indicates a homozygous asparagine (Fig. 4). Suitable primers for the 
PGR reaction are shown in Fig. 6. 
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The determination of the variant may also be perfonned by the "single stranded 
conformation polymorphism" (SSCP) method and/or by the "allele specific amplifica- 
tion" method. The RFLP. SSCP and "allele specific amplification" methods are gene- 
5 rally known in the art (e.g. from Oldenburg, M.C. and Siebert, M., New Cleavage 
Fragment Length Polymorphism method improves the mutation detection assay, Bi- 
otechniques, Feb. (2000), 28(2):351 and Shi, M. M. et al.. Technologies for detecting 
genetic polymorphisms in pharmacogenomics, Mol. Diagn. Dec. (1999), 4(4):343- 
51), which we hereby incorporate by reference. 

10 

The detection of a single nucleotide change leading to an amino acid exchange is 
ideally suited for the development of a specific kit which would make the detection of 
the FSH receptor variants easy and fast. Such a kit would ideally be used for the 
screening of patients prior to a FSH therapy. 

15 

In the FSH therapy and after determination of the FSH receptor, the women bearing 
the homozygous FSH receptor variant Ala307/Ser680 may be given a high dosage of 
FSH, namely about 42-48 ampoules FSH within a treatment period of 14 days, which 
corresponds to a daily dosage of greater than 225, preferably 230 to 250 Intematio- 

20 nal Units (lU) FSH; the women bearing the homozygous FSH receptor variant 
Thr307/Asn680 may be given a low dosage of FSH, namely 30-35 ampoules FSH 
per 14 days, which con-esponds to a daily dosage of 150 ± 20 lU FSH; and the wo- 
men with a heterozygous state may be given an intermediate dosage of FSH, na- 
mely about 36 to 41 ampoules per day, which con-esponds to a daily dosage of 200 ± 

25 20 lU FSH. The FSH is preferably administered subcutaneously. 

The FSH preparation of embodiment (4) of the invention contains the high dosage, 
intermediate dosage or a low dosage FSH as set forth in detail above. The prepara- 
tion is preferably in an injectable form and may contain suitable additives (such as 
30 buffers, saline, etc.) known in the art. 



wo 01/44502 PCT/EPOO/12886 

7 

The invention is further illustrated by the following non-limitative example. 



Example 1: Determination of the restriction fragment length polymorphism 
(Asn680Ser, hFSH receptor) 

5 

A. PGR: Amplification with primers and G2 (Exon 10 of the FSH receptor) 

For each sample is pipetted: 

36 pi autoclaved distilled water 
10 5 pi Thermo-Buffer lOx (Promega) 

3 yl MgCl2 (25 mM, Promega) 

2.5 pi dNTP-solution (1mM, Pharmacia) 

1 pi Primer Ei (0.1 pg/pl; 5'-CCTTGTGCTAATGTCCTGG) 

1 pi Primer G2 (0.1 pg/pl; 5'-TGTAGAAGCACTGTCAGCTC) 
15 0.5 pi Taq DNA polymerase (5000 lU/ml. Promega) 

1 pi DNA (DNA extracted from 5-10 ml and dissolved in 50 pi distilled water) 

PGR program: 

94**G 4 min 1 cycle 

20 

94°G 1 min 

58'*G 30 s 35 cycles 

72X 50 s 

25 72X 10 min 1 cycle 

SO^'G 30 min 

The PGR product is checked on a 2% TAE agarose gel. The size of the desired band 
is 580 kbp. 

30 Subsequently a phenol-chloroform cleaning is performed twice, the resulting DNA is 
precipitated with 0.5 sample volumes 7.5 M ammonium acetate and 2.5 volumes ab- 
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solute ethanol. washed with 70% ethanol and air-dried. Finally, the DNA is re-dissol- 
ved in 17 Ml water. 

B. Digestion: 

2 Mi buffer NEB 3 10x (Blolabs) and 

1 Ml Bsr I (Biolabs) are added to the sample, the resulting mixture is overlayed with 2 
drops of mineral oil and digested for 1.5 hours at 65°C. The digestion is checked on 
a 2-2.5% TAE agarose gel. 

The enzyme Bsr I has a restriction site for TGACC. If the FSH receptor contains the 
amino acid serin at position 680 of the 5* transmembrane domain. Bsr I cuts the 
PGR product in two bands (443 and 136 bp). The enzyme cannot digest the PGR 
product if the amino acid at position 680 is asparagin. The single band on the gel has 
a size of 579 bp (see Fig. 4). 

G. Results: 

One band size 579 bp ^ asparagin, homozygous 

Two band sizes 443 and 1 36 bp ^ serin, homozygous 

Three band sizes 579. 443 and 136 bp -> asparagin/serin heterozygous 

Example 2: We started a prospective study which women were screened for the FSH 
receptor varaint before starting the FSH treatment. Only women with homozygous 
FSH receptor variant at position 680 were Included in the study and were randomi- 
sed to receive a pre-determined. fixed dosage of FSH. The preliminary results, ba- 
sed on 32 cycles, confirm that the Ser 680 variant is less sensitive to FSH stimulation 
(in terms of production of estradiol) and that more FSH is necessary to induce the 
degree of stimulation observed in women with the Asn 680 variant. 

These results reinforce the Idea that the analysis of the FSH receptor variant is use- 
ful for the determination of the FSH dosage. 
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CLAIMS: 

1. Method for determining the dosage of follicle-stimulating hormone (FSH) in the 
5 treatment of infertility of women comprising the determination of the FSH receptor 

variant of the woman to be treated. 

2. The method of claim 1 , wherein the determination of the FSH receptor variant 
comprises the steps: 

10 (a) isolating genomic DNA from a blood sample of the woman to be treated, and 

(b) determining whether the isolated DNA codes for the FSH-receptor variant Ala 
307/Ser 680 or Thr 307/Asn 680. 

3. The method of claim 2. wherein the determination of the FSH-receptor variant of 
15 step (b) is performed by 

(b1) partial amplification of the FSH receptor DNA by use of a pair of primers flanking 
the variant region(s) of the FSH receptor DNA coding for the amino acids 307 and/or 
680 of the FSH receptor protein, 

(b2) digesting the amplified DNA with a restriction enzyme digesting only the DNA of 
20 one of the FSH receptor variants, 

(b3) determining the FSH-receptor variant by restriction fragment length-poly- 
morphism. 

4. The method of claim 3, wherein the length of the primers is 12 to 30 nucleotides, 
25 preferably 17 to 25 nucleotides, and the distance to the nucleotides coding for the 

amino acid in positions 307 or 680 are 20 to 1500 bp, preferably 100 to 1000 bp. 

5. The method of claim 3 or 4, wherein the primers are flanking the DNA sequence of 
the amino acid in position 680 of the FSH receptor protein and the restriction enzyme 

30 is Bsr I. 
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6. The method of claims 3 to 5, wherein the pair of primers comprises an upstream 
primer selected from 

A, : 5'-GCTATACTGGATCTGAGATG 

B, : 5-TTGACATGACGTACACTGAG 
5 C,: 5*-CTGATCTCTGCATTGGAATC 

D, : 5'-AGCTGGACTGCAAGGTGCAG 

E, : 5*-CCTTGTGCTCAATGTCCTGG 
F^: 5'-CCATTTCTGCCTCCCTCAAG 
G,: 5'-GAGCAAGTGTGGCTGCTATG. 

10 and a reverse primer selected from 

Aji 5'-ACCACTTCATTGCATAAGTC 

B2: 5'-CAACTGATGCAATGAGCAGC 

Cj: 5'-ATCCAGCCCATCACCATGAC 

D2: 5'-GGTTCCGCACTGTGAGGTAG 
15 E2: 5'-GCTTTGGACACAGTGATGAG 

F2: 5'-TGGATGGGTGTTGTGGACAG 

G2: 5*-TGTAGAAGCACTGTCAGCTC, 

preferably the pair of primers is E, and G2 as defined above. 

20 7. A method for treating infertility in women which comprises determining the FSH 
receptor variant in the woman to be treated as defined in claims 1 to 6. 

8. The method of claim 7, further comprising administering the woman a suitable 
amount of FSH. 

25 

9. A kit for performing the determination of the FSH receptor variant in a woman as 
defined in claims 1 to 8. 

10. The kit of claim 9 comprising a pair of primers as defined in claims 3-6, Taq po- 
30 lymerase and a restriction enzyme. 
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11. A FSH preparation comprising a specific amount of FSH which is suitable as 
daily dosage for high dosage, intermediate dosage or low dosage FSH treatment. 



WO oimgo2 



PCT/EPOO/12886 



1 / 7 



Fig. 1 



307 

HBflllBIIHBl 



680 




1 Allel-Variant I 


Ala 


Ser 


Allel-Variant II 


Thr 


Asnl 



ERSATZBLATT (REGEL 26) 



2 / 7 



PCT/EPOO/12886 



Fig. 2 



n=46 



n=72 



n=43 





AA AS SS 

FSH receptor genotype (position 680) 



ERSATZBLATT (REGEL 26) 



wo 0flHS02 



PCT/EPOO/12886 



3 / 7 



Fig. 3 



n=46 



n=72 



n=43 




FSH receptor genotype (position 680) 



ERSATZBLATT (REGEL 26) 



WO01/«n2 PCT/EPOO/12886 

4 / 7 





ERSATZBLATT (REGEL 26) 



WO 0 1 /^bl PCT/EPOO/1 2886 

5 / 7 



Fig. 5 



tctagctctg agcttcatcc aatttgcaac 
atgactcaga ctaggggtca gagatcctct 
agaggatttg acatgacgta cactgagttt 
gtgacctgct cccctaagcc agatgcattc 
atcctcagag tcctgatatg gtttatcagc 
ctagtgatcc taactaccag ccaatataaa 
ctggcctttg ctgatctctg cattggaatc 
cataccaaga gccaatatca caactatgcc 
gctgctggct ttttcactgt ctttgccagt 
accttggaaa gatggcatac catcacgcat 
cgccatgctg ccagtgtcat ggtgatgggc 
cccatctttg gcatcagcag ctacatgaag 
agccctttgt cacagctgta tgtcatgtcc 
gtcatctgtg gctgctatat ccacatctac 
tcctctagtg acaccaggtc gccaagcgca 
gcatggcacc catttctttc tttgccattt 
tgtccaaagc aaagattctg ctggttctgt 
tcctctatgc catctttacc aaaaactttc 
gtggctgcta tgaaatgcaa gcccaaattt 
acacccatcc aaggaatggc cactgctctt 
acatacttgt ccctctaagt catttagccc 



aaatctattt taaggcaaga agttgattat 60 
ctggcagaag acaatgagtc cagctacagc 120 
gactatgact tatgcaatga agtggttgac 180 
aacccatgtg aagatatcat ggggtacaac 240 
atcctggcca tcactgggaa catcatagtg 300 
ctcacagtcc ccaggttcct tatgtgcaac 360 
tacctgctgc tcattgcatc agttgatatc 420 
attgactggc aaactggggc aggctgtgat 480 
gagctgtcag tctacactcc gacagctatc 540 
gccatgcagc tggactgcaa ggtgcagctc 600 
tggatttttg cttttgcagc tgccctcttt 660 
gtgagcatct gcctgcccat ggatattgac 720 
ctccttgtgc tcaatgtcct ggcctttgtg 780 
ctcacagtgc ggaaccccaa catcgtgtcc 840 
tggccatgct catcttcact gacttcctct 900 
ctgcctccct caaggtgccc ctcatcactg 960 
ttcaccccat caactcctgt gccaacccct 1020 
gcagagattt cttcattctg ctgagcaagt 1080 
ataggacaga aacttcatcc actgtccaca 1140 
cagctcccag agtcaccagt ggttccacta 1200 
aaaactaaaa cac 1243 
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+ 855 



+ 916 



976 



1096 



1156 



1216 



1276 



1336 



1396 



1456 



1516 



1576 



1636 



1696 



1756 



TCTCAGGAAGAAACTCATCATTTCCTACCCTGCACAAAGACAG 
Al 

TGATGTATT GCTATACTGGATCTGAGATG TTGATTCTATTTrTTTTTriTATTTTTrTa^o 



+ 856 TCTGAGCTTCATCCAATTTGCAACAAATCTATTTTAAGGCAAGAAGTTGATTATATGACT 
EX-10 SELHPICNKSILRQEVDYMT 



CAGACTAGGGGTCAGAGATCCTCTCTGGCAGAAGACAATGAGTCCAGCTACAGCAGAGGA 
QTRGQRSSLAEDNESSYSRG 
Bl A2 

T TTGACATGACGTACACTGAG TTTGACTAT GACTTATGCAATGAAGTGGT TGACGTGACC 
FDMTYTEFDY ~D L C N E V V DVT 



1036 TGCTCCCCTAAGCCAGATGCy^TTCAACCCATGTGAAGATATCATGGGGTACAACATCCTC 
CSPKPDAFNPCED IMGYNIL 



AGAGTCCTGATATGGTTTATCAGCATCCTGGCCATCACTGGGAACATCATAGTGCTAGTG 
RVLIWFISILAITGNI IVLV 

ATCCTAACTACCAGCCAATATAAACTCACAGTCCCCAGGTTCCTTATGTGCAACCTGGCC 
ILTTSQYKLTVPRFLMCNLA 
CI B2 

TTT GCTGATCTCTGCATTGGAATC TACCT GCTGCTCATTGCATCAGTTGA TATCCATACC 
FADLCIGIYLLLIASVDIHT 

AAGAGCCAATATCACAACTATGCCATTGACTGGCAAACTGGGGCAGGCTGTGATGCTGCT 
KSQYHNYAIDWQTGAGCDAA 

GGCTTTTTCACTGTCTTTGCCAGTGAGCTGTCAGTCTACACTCTGACAGCTATCACCTTG 
GFFTVFASELSVYTLTAITL 

Dl 

GAAAGATGGCATACCATCACGCATGCCATG CAGCTGGACTGCAAGGTGCAG CTCCGCCAT 
ERWHTITHAM Q 1~D C K~V q" L R H 

C2 

GCTGCCAGT GTCATGGTGATGGGCTGGAT TTTTGCTTTTGCArirTnr r r TT'Pr-r-n ^ ^r^ 
AASVMVMGWIFAFAAALFPI 

TTTGGCATCAGCAGCTACATGAAGGTGAGCATCTGCCTGCCCATGGATATTGACAGCCCT 
FGIS SYMKVSICLPMDIDSP 

El 

TTGTCACAGCTGTATGTCATGTCCCT CCTTGTGCTCAATGTCCTGG CCTTTGTGGTCATr 
LSQLYVMS L Z V E l5 V L ^A F V V I 

D2 

TGTGGCTGCTATATCCACAT CTACCTCACAGTGCGGAACC CCAACATCGTGTCCTCCTnT 
CGCYIHIYLTVRNPNIVSSS 

AGTGACACCAGGATCGCCAAGCGCATGGCCATGCTCATCTTCACTGACTTCCTCTGCATG 
SDTRIAKRMAMLI FTDFLCM 

Fl E2 

GCACCCATTTCTTTCTTTG CCATTTCTGCCTCCCTCAA GGTGCCC CTCATCACTGTGTC C 
APISFFAISASLKVP "l I T V S~ 
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Fig. 6 (continued) 

1816 AAAGCAAAGATTCTGCTGGTTCTGTTTCACCCCATCAACTCCTGTGCCAACCCCTTCCTC 
KAKILLVLFHPINSCANPFL 

187 6 TATGCCATCTTTACCAAAAACTTTCGCAGAGATTTCTTCATTCTGCT GAGCAAGTG TGGC 

YAIFTKNFRRDFFIL L S K C g" 

F2 

193 6 TGCTATG AAATGCAAGCCCAAATTTATAGGACAGAAACTTCATCC ACTGTCCACAACAC C 
CYEMQAQIYRTETSS T V 5 N T~ 

1996 CATCCAAGGAATGGCCACTGCTCTTCAGCTCCCAGAGTCT^CCAGTGGTTC^^ 

HPRNGHCSSAPRVTSGS TYI 

205 6 CTTGTCCCTCTAAGTCATTTAGCCCAAAACTAAAACACAATGTGAAAATGTATCTGAGTA 
LVPLSHLAQN END 

G2 

2116 TTGAATGATAAATTCAGTCCTTGCCTTTGAAGGGTATGTCACAAGGAGCTGACAGTGCTT 



2166 CTACACATTTTCATCTAATTTAATATT 
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SEQUENCE LISTING 

<110> GROMOLL, Jorg 

NIESCHLAG, Eberhard 
5 SIMONI, Manuela 

BEHRE, Herrmann M 
PEREZ, Maritza 

<120> Genetic Variants of the Human FSH Receptor and the 
10 Influence Thereof on Gametogenesis 

<130> 003235wo/JH/ml 

<140> 
15 <141> 

<160> 19 

<170> PatentIn Ver. 2.1 

20 

<210> 1 

<211> 19 

<212> DNA 

25 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 

30 <400> 1 

ccttgtgcta atgtcctgg 



<210> 2 
35 <211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

40 <223> Description of Artificial Sequence: primer 
<400> 2 

tgtagaagca ctgtcagctc 

45 

<210> 3 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

50 

- <220> 

<223> Description of Artificial Sequence: primer 

<400> 3 
55 gctatactgg atctgagatg 



<210> 4 
- <211> 20 
60 <212> DNA 
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5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 4 

ttgacatgac gtacactgag 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 5 

ctgatctctg cattggaatc 

<210> 6 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 6 

agctggactg caaggtgcag 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 7 

ccttgtgctc aatgtcctgg 

<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 8 

ccatttctgc ctccctcaag 

<210> 9 
<211> 20 
<212> DNA 
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40 



45 



50 



55 



<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 9 

gagcaagtgt ggctgctatg 



20 



10 <210> 10 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
15 <220> 

<223> Description of Artificial Sequence: primer 
<400> 10 

accacttcat tgcataagtc 

<210> 11 
<211> 20 
<212> DNA 
25 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 

30 <400> 11 

caactgatgc aatgagcagc 

<210> 12 
35 <211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 12 

atccagccca tcaccatgac 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 13 

ggttccgcac tgtgaggtag 



20 



20 



<210> 14 
<211> 20 
60 <212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 14 

gctttggaca cagtgatgag 



20 



<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 15 

tggatgggtg ttgtggacag 



20 



<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 16 

tgtagaagca ctgtcagctc 



<210> 17 

<211> 1243 

<212> DNA 

<213> Homo sapiens 

<300> 



<400> 17 

tctagctctg agcttcatcc aatttgcaac 
atgactcaga ctaggggtca gagatcctct 
agaggatttg acatgacgta cactgagttt 
gtgacctgct cccctaagcc agatgcattc 
atcctcagag tcctgatatg gtttatcagc 
ctagtgatcc taactaccag ccaatataaa 
ctggcctttg ctgatctctg cattggaatc 
cataccaaga gccaatatca caactatgcc 
gctgctggct ttttcactgt ctttgccagt 
accttggaaa gatggcatac catcacgcat 
cgccatgctg ccagtgtcat ggtgatgggc 
cccatctttg gcatcagcag ctacatgaag 
agccctttgt cacagctgta tgtcatgtcc 
gtcatctgtg gctgctatat ccacatctac 
tcctctagtg acaccaggtc gccaagcgca 
gcatggcacc catttctttc tttgccattt 
tgtccaaagc aaagattctg ctggttctgt 
tcctctatgc catctttacc aaaaactttc 
gtggctgcta tgaaatgcaa gcccaaattt 



aaatctattt taaggcaaga agttgattat 60 
ctggcagaag acaatgagtc cagctacagc 120 
gactatgact tatgcaatga agtggttgac 180 
aacccatgtg aagatatcat ggggtacaac 240 
atcctggcca tcactgggaa catcatagtg 300 
ctcacagtcc ccaggttcct tatgtgcaac 360 
tacctgctgc tcattgcatc agttgatatc 420 
attgactggc aaactggggc aggctgtgat 480 
gagctgtcag tctacactcc gacagctatc 540 
gccatgcagc tggactgcaa ggtgcagctc 600 
tggatttttg cttttgcagc tgccctcttt 660 
gtgagcatct gcctgcccat ggatattgac 720 
ctccttgtgc tcaatgtcct ggcctttgtg 780 
ctcacagtgc ggaaccccaa catcgtgtcc 840 
tggccatgct catcttcact gacttcctct 900 
ctgcctccct caaggtgccc ctcatcactg 960 
ttcaccccat caactcctgt gccaacccct 1020 
gcagagattt cttcattctg ctgagcaagt 1080 
ataggacaga aacttcatcc actgtccaca 1140 
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acacccatcc aaggaatggc cactgctctt cagctcccag agtcaccagt ggttccacta 1200 
acatacttgt ccctctaagt catttagccc aaaactaaaa cac 1243 



<210> 18 

<211> 1450 

<212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 

<222> (104) . , (1333) 
<400> 18 

tctcaggaag aaactcatca tttcctaccc tgcacaaaga cagtgatgta ttgctatact 60 

ggatctgaga tgttgattct atttcttttt gtatttttct age tct gag ctt cat 115 

Ser Glu Leu His 
1 

cca att tgc aac aaa tct att tta agg caa gaa gtt gat tat atg act 163 
Pro lie Cys Asn Lys Ser lie Leu Arg Gin Glu Val Asp Tyr Met Thr 
^ 10 15 20 

cag act agg ggt cag aga tec tct ctg gca gaa gac aat gag tec age 211 
Gin Thr Arg Gly Gin Arg Ser Ser Leu Ala Glu Asp Asn Glu Ser Ser 

25 30 35 



tac age aga gga ttt gac atg acg tac act gag ttt gac tat gac tta 
Tyr Ser Arg Gly Phe Asp Met Thr Tyr Thr Glu Phe Asp Tyr Asp Leu 
40 45 50 

tgc aat gaa gtg gtt gac gtg ace tgc tec ect aag cca gat gca ttc 
Cys Asn Glu Val Val Asp Val Thr Cys Ser Pro Lys Pro Asp Ala Phe 
55 60 65 

aac cca tgt gaa gat ate atg ggg tac aac ate etc aga gtc ctg ata 
Asn Pro Cys Glu Asp He Met Gly Tyr Asn He Leu Arg Val Leu He 
70 75 80 

tgg ttt ate age ate ctg gee ate act ggg aac ate ata gtg eta gtg 
Trp Phe He Ser He Leu Ala He Thr Gly Asn He He Val Leu Val 
85 90 95 100 

ate eta act ace age caa tat aaa etc aca gtc ecc agg ttc ctt atg 
He Leu Thr Thr Ser Gin Tyr Lys Leu Thr Val Pro Arg Phe Leu Met 
105 HQ 

tgc aac ctg gee ttt get gat etc tgc att gga ate tac ctg ctg etc 
Cys Asn Leu Ala Phe Ala Asp Leu Cys He Gly He Tyr Leu Leu Leu 
120 125 130 

att gca tea gtt gat ate cat ace aag age caa tat cac aac tat gcc 
He Ala Ser Val Asp He His Thr Lys Ser Gin Tyr His Asn Tyr Ala 
135 140 145 

att gac tgg caa act ggg gca ggc tgt gat get get ggc ttt ttc act 
He Asp Trp Gin Thr Gly Ala Gly Cys Asp Ala Ala Gly Phe Phe Thr 
150 155 160 



259 



307 



355 



403 



451 



499 



547 



595 
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w f ""^^ ^'^^ ^^'= =tg aca get ate acc ttg 64 3 

Val Phe Ala Ser Glu Leu Ser Val Tyr Thr Leu Thr Ala He Thr Leu 

170 175 180 

gaa aga tgg cat acc ate acg cat gee atg eag ctg gac tgc aag gtg 691 

Glu Arg Trp His Thr He Thr His Ala Met Gin Leu Asp Cys Lys Val 
185 190 



cag etc cgc cat get gee agt gtc atg gtg atg ggc tgg att ttt get 739 

Gin Leu Arg His Ala Ala Ser Val Met Val Met Gly Trp He Phe Ala 
200 205 210 

lul af^ f?"" f?"" f^'' ou^ '''''' ^^"^ ^5*= tae atg aag 787 

Phe Ala Ala Ala Leu Phe Pro He Phe Gly He Ser Ser Tyr Met Lvs 
215 220 225 



gtg age ate tgc ctg ecc atg gat att gac age cet ttg tea eag ctg 
Val Ser He Cys Leu Pro Met Asp He Asp Ser Pro Leu Ser Gin Leu 



230 235 



240 



tat gtc atg tec etc ctt gtg etc aat gtc ctg gee ttt gtg gtc ate 
Tyr Val Met Ser Leu Leu Val Leu Asn Val Leu Ala Phe Val Val He 

250 255 260 

tgt ggc tgc tat ate cae ate tae etc aca gtg egg aac ecc aac ate 
Cys Gly Cys Tyr He His He Tyr Leu Thr Val Arg Asn Pro Asn He 
265 270 275 

gtg tec tec tet agt gac ace agg ate gee aag cgc atg gee atg etc 
Val Ser Ser Ser Ser Asp Thr Arg He Ala Lys Arg Met Ala Met Leu 
280 285 290 

ate ttc act gac ttc etc tgc atg gea ecc att tet ttc ttt gee att 
He Phe Thr Asp Phe Leu Cys Met Ala Pro He Ser Phe Phe Ala He 
295 300 305 



340 



tat gee ate ttt acc aaa aac ttt cgc aga gat ttc ttc att ctg etc 
Tyr Ala He Phe Thr Lys Asn Phe Arg Arg Asp Phe Phe He Leu Leu 
345 350 355 



370 



act tea tec act gtc cac aac ace cat cea agg aat ggc eac tgc tet 
Thr Ser Ser Thr Val His Asn Thr His Pro Arg Asn Gly His Cys Ser 
375 380 385 



835 



883 



931 



979 



1027 



tt 1075 
e 



tet gee tec etc aag gtg ecc etc ate act gtg tec aaa gea aag at 

Ser Ala Ser Leu Lys Val Pro Leu He Thr Val Ser Lys Ala Lys II 
310 315 320 

ctg ctg gtt ctg ttt cae cec ate aac tec tgt gee aac ecc ttc etc 1123 

Leu Leu Val Leu Phe His Pro He Asn Ser Cys Ala Asn Pro Phe Leu 
325 330 335 



1171 



age aag tgt ggc tgc tat gaa atg caa gee caa att tat agg aca gaa 1219 
Ser Lys Cys Gly Cys Tyr Glu Met Gin Ala Gin He Tyr Arc Thr Glu 
360 365 



1267 



tea get ecc aga gtc acc agt ggt tec act tae ata ett gtc cet eta 1315 
Ser Ala Pro Arg Val Thr Ser Gly Ser Thr Tyr He Leu Val Pro Leu 
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390 395 400 

agt cat tta gcc caa aac taaaacacaa tgtgaaaatg tatctgaqta i 
Ser His Leu Ala Gin Asn 
405 410 

ttgaatgata aattcagtcc ttgcctttga agggtatgtc acaaggagct gacagtgctt 142 
ctacacattt tcatctaatt taatatt 



<210> 19 
<211> 410 
<212> PRT 

<213> Homo sapiens 
<400> 19 

Ser Glu Leu His Pro He Cys Asn Lys Ser He Leu Arg Gin Glu Val 
1 5 10 15 

Asp Tyr Met Thr Gin Thr Arg Gly Gin Arg Ser Ser Leu Ala Glu Asp 
20 25 30 

Asn Glu Ser Ser Tyr Ser Arg Gly Phe Asp Met Thr Tyr Thr Glu Phe 
35 40 45 

Asp Tyr Asp Leu Cys Asn Glu Val Val Asp Val Thr Cys Ser Pro Lvs 
SO 55 60 

Pro Asp Ala Phe Asn Pro Cys Glu Asp He Met Gly Tyr Asn He Leu 

70 75 80 

Arg Val Leu He Trp Phe He Ser He Leu Ala He Thr Gly Asn He 

85 90 95 

He Val Leu Val He Leu Thr Thr Ser Gin Tyr Lys Leu Thr Val Pro 
100 105 110 

Arg Phe Leu Met Cys Asn Leu Ala Phe Ala Asp Leu Cys He Gly He 
115 120 125 

Tyr Leu Leu Leu He Ala Ser Val Asp He His Thr Lys Ser Gin Tvr 
130 135 



His Asn Tyr Ala He Asp Trp Gin Thr Gly Ala Gly Cys Asp Ala Al 

150 155 16 



a 
60 



Gly Phe Phe Thr Val Phe Ala Ser Glu Leu Ser Val Tyr Thr Leu Thr 
165 170 175 

Ala He Thr Leu Glu Arg Trp His Thr He Thr His Ala Met Gin Leu 
180 185 190 

Asp Cys Lys Val Gin Leu Arg His Ala Ala Ser Val Met Val Met Gly 
195 200 205 

Trp He Phe Ala Phe Ala Ala Ala Leu Phe Pro He Phe Gly He Ser 
210 215 220 
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Ser Tyr Met Lys Val Ser lie Cys Leu Pro Met Asp lie Asp Ser Pro 
225 230 235 240 

Leu Ser Gin Leu Tyr Val Met Ser Leu Leu Val Leu Asn Val Leu Ala 
245 250 255 

Phe Val Val lie Cys Gly Cys Tyr lie His lie Tyr Leu Thr Val Arg 
260 265 270 

Asn Pro Asn lie Val Ser Ser Ser Ser Asp Thr Arg lie Ala Lys Arg 
275 280 285 

Met Ala Met Leu lie Phe Thr Asp Phe Leu Cys Met Ala Pro lie Ser 
290 295 300 

Phe Phe Ala lie Ser Ala Ser Leu Lys Val Pro Leu lie Thr Val Ser 
305 310 315 320 

Lys Ala Lys lie Leu Leu Val Leu Phe His Pro lie Asn Ser Cys Ala 
325 330 335 

Asn Pro Phe Leu Tyr Ala lie Phe Thr Lys Asn Phe Arg Arg Asp Phe 
340 345 350 

Phe lie Leu Leu Ser Lys Cys Gly Cys Tyr Glu Met Gin Ala Gin lie 
355 360 365 

Tyr Arg Thr Glu Thr Ser Ser Thr Val His Asn Thr His Pro Arg Asn 
370 375 380 

Gly His Cys Ser Ser Ala Pro Arg Val Thr Ser Gly Ser Thr Tyr lie 
385 390 395 400 

Leu Val Pro Leu Ser His Leu Ala Gin Asn 
405 410 



